SUMMARY We have used suspensions of isolated cells to study the metabolism of the mucosal epitheliurn and to compare its activity with that of other tissues in the intestinal wall of guinea pig.
washed intestine and treated thereafter in the same way as described above for the subepithelial mucosal tissue.
MEASUREMENT OF GLYCOLYSIS
The rate of production of lactic acid was used as a measure of glycolytic activity. Samples containing about 80 mg cell protein were incubated for one hour at 37°C with or without the addition of sugars. The cell suspensions were incubated in equilibrium with air and all solutions used were pregassed for 10 minutes with 02:C02 (95%:5% Protein was measured using a modified biuret method (Hubscher, West, and Brindley, 1965 These results contrasted markedly with previously published values which showed that the intestinal mucosa had considerably more glycolytic activity than the muscle from which it had been scraped (Wilson, 1954; Sherratt, 1968) . As the glycolytic rate for our muscle preparations was similar to other values reported for guinea pigs (Sherratt, 1968) we had to consider the possibility that the incubation with EDTA was damaging the mucosal epithelium and the tissue immediately underlying it, thereby reducing the capacity of these tissues for glycolysis. This possibility was discounted by the results in Table II Table 1 ). 0-0 suspensions of intact cells, *-* suspensions of cells that had been mildly stressed to increase membrane permeability.
withdrawal through a syringe needle of 0.7 mm bore (Evans et al, 1971) to increase their membrane permeability (Fig. 2) Sodium iodoacetate (10-4M) and sodium fluoride (10-4M) completely inhibited lactic acid production from endogenous and exogenous substrates.
COMPARISON OF THE AEROBIC GLYCOLYSIS RATE IN MUCOSAL EPITHELIAL CELLS FROM DIFFERENT REGIONS OF THE SMALL INTESTINE
In our experiments the suspensions of isolated epithelial cells normally consisted of a mixture of cells from the whole length of the small intestine. It was possible that this mixing obscured any variation in glycolytic activity down the small intestine and that in some regions the contribution of the mucosal epithelium to the total activity of the gut wall was more nearly that reported by other workers. However, when the intestine was divided into four segments of equal length from which the mucosal epithelial cells were isolated separately, we found no significant difference between the rates of glycolysis in the four samples.
ANAEROBIC GLYCOLYSIS IN DIFFERENT TISSUES OF THE INTESTINAL WALL
When glucose-stimulated glycolysis was measured under anaerobic conditions, ie, in an atmosphere of high-purity nitrogen, the relative contribution of each of the three preparations from the whole intestinal wall was comparable with that obtained aerobically (Table I) . Thus the mucosal epithelium was again the minor contributor, with values not significantly different from those obtained with aerobic incubation, ie, no Pasteur effect.
RESPIRATORY ACTIVITY
The rate of oxygen uptake (Q0o) and the length of time for which the initial rate was maintained were not significantly different in mucosal epithelial cells isolated from various segments of small intestine.
We did not therefore overlook regional differences in respiratory activity by the normal practice of pooling cells from the entire length of the small intestine.
The respiratory rates for the three layers of the intestinal wall are summarized in Figure 3 . In contrast to the glycolysis results, here the mucosal epithelium had the highest activity and the muscle the lowest. An additional difference was the failure of glucose and fructose to stimulate the respiratory rate of any of the three types of preparation. If the sugars were added to epithelial cells that had been mildly stressed there was still no increase in their rate of respiration so once again membrane permeability was not limiting metabolism.
The QO, values for stressed cells were always lower than those for intact preparations (Evans et al, 1971) which indicate a greater susceptibility to damage than was shown by the glycolysis data. 
Discussion
A great deal of the published work on the metabolism of the intestinal absorptive cell has been based on heterogeneous preparations such as mucosal scrapes (Dickens and Weil-Malherbe, 1941; Srivastava and Hubscher, 1966; Clark and Sherratt, 1967) . This paper describes work on the metabolism of a relatively homogeneous preparation of the mucosal epithelium from guinea pig. It reflects our view that much previously published work may be in error because the contribution to the results of tissues other than the mucosal epithelium has either been ignored or assumed to be insignificant. The results in Tables I and II form the basis of this opinion. When the mucosal epithelium was removed from the intestine by incubation with EDTA, the rate of aerobic glycolysis was found to be low. The remaining intestinal wall was subdivided into subepithelial mucosal tissue and muscle, both of which showed a higher rate of glycolysis per milligram protein than the epithelium, and a much greater contribution to the total glycolytic activity of the intestinal wall. Other authors have come to a quite different conclusion using guinea pig (Sherratt, 1968) and other experimental animals (Wilson, 1954; Srivastava and Hubscher, 1966; Sherratt, 1968) , namely, that most of the glycolytic activity of the gut wall is to be found in the mucosa, with less in the muscle. A comparison of the results in Table I with data from the more conventional mucosal scrape (Table II) , precluded damage to the mucosal epithelium by EDTA as the reason for its low glycolytic rate. This observation has the twofold advantage of increasing our confidence in the value of isolated epithelial cells for the study of glycolysis in particular and of cell metabolism in general. Isolated epithelial cells were able to increase their rate of glycolysis with increasing sugar concentration (Fig. 2) and to respond to inhibitors such as sodium fluoride and iodoacetate. Glycolysis was unimpaired when cells were mildly stressed, and the fact that the addition of sugars to these preparations gave the same degree of stimulation to lactic acid production as in unstressed cell suspensions encouraged our belief that EDTA incubation had not radically altered the permeability of the plasma membrane to sugars. Taken collectively, these results indicate that the rate of glycolysis was not artificially low and that the intact epithelial cell, of the guinea pig at least, produces little lactic acid in comparison with the underlying tissues. The high values reported previously in the literature may in part result from the use of homogenized preparations in which intracellular control mechanisms that depend on compartmentation become deranged.
Additional evidence that the epithelium was not so damaged by the isolation procedure as to suppress its metabolism was obtained with the oxygen uptake measurements. Here the mucosal epithelium had the highest rate of the three preparations from the gut wall. Exogenous sugars did not increase the QO.
value and their failure to do so was not due to decreased membrane permeability.
The low rate of glycolysis in the epithelial cells coupled with the oxygen uptake data are additional evidence (MS in preparation) that the aerobic metabolism of the guinea pig absorptive cell depends on substrates other than carbohydrates. It also suggests (Table III) that the mucosal epithelium in this animal at least does not have the metabolic characteristics of tumours (Dickens and gimer, 1930) Table  I and the respiration values from Figure 3 . In each calculation the activity of the whole intestinal wall was taken as 100 %.The glycolysis measurements selected for comparison were those obtained after aerobic incubation in the presence of 25 mM glucose.
respiratory quotient coupled with a high rate of glycolysis. However, the small intestinal mucosa taken as a whole, ie, the epithelial cells plus subepithelial mucosal tissue, did not show a Pasteur effect and in this respect it appears to be different from other normal tissues (Dickens and Weil-Malherbe, 1941 
